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(57) The invention relates to a process for recycling 
polyamide-cortaining carpet waste by extracting the 
polyamide from the carpet waste with an extraction 
agent containing an aliphatic alcohol, after which the 
polyamide is recovered from the extract The process 



according to the present invention gives a high yield of 
the polyamide. The presence of other constituents nor- 
mally used in carpet-making does not interfere with the 
recycling. 




FIG. 1 



CD 
tO 
<T 

O 

to 

o BEST AVAILABLE COPY 

LU ; 

Primed by Rank Xerox (UK) Business Services 
2.13156.4 



1 



EP0759 456A1 



2 



Description 

The present invention relates to a process for recy- 
cling polyamide-containing carpet waste by extracting 
the polyamide from the carpet waste with an extraction s 
agent and then recovering the polyamide from the 
extract. Carpet waste usually contains large portions of 
polymers, and such waste often has a high polyamide 
content in particular. Attempts are therefore being made 
to recycle it in order to minimize, the amount of polya- 10 
mide-containing carpet waste that has to be disposed of 
and in order to recycle its constituents for re-use. In the 
context of the present invention, the term "carpet waste" 
covers both the waste formed in the production of polya- 
mide-containing carpets, and old and used carpets dis- 15 
carded by the consumer. 

A similar process is known from EP-A-603434, 
which describes the separation of polyamide from car- 
pet waste by dissolving it in a suitable solvent, and the 
text mentions as such, concentrated inorganic acids, 20 
formic acid and chloroacetic acid, phenols, cresols, 
alcoholic solutions of alkaline earth hafides. aromatic 
alcohols such as phenylethanoi and benzyl alcohol, as 
well as glycols, lactams and lactones. However, the dis- 
advantage of this method is that the extraction agents 25 
used cause problems. Thus, some of these extraction 
agents (the concentrated inorganic acids) are acidic 
and react with calcium carbonate, which is often present 
in the backing layer of carpets. Other extraction agents 
mentioned (aromatic alcohols, phenols and cresols) 30 
give highly viscous polyamide solutions, or they are cor- 
rosive (alcoholic solutions of alkaline earth halides). 

Furthermore, other polymers present in carpet 
waste, such as rubbers and polyvinyl chloride, will also 
dissolve in some of the extraction agents mentioned 35 
above. The examples mentioned in EP-A-603434 do 
not concern a typical carpet waste, no adhesives or cal- 
cium carbonate being present 

A further shortcoming of this known process is that 
extraction agent residues may be left behind in the 40 
polyamide end product. This reduces the quality of the 
polyamides obtained. 

The aim of the present invention is to provide a 
process for recycling polyamide-containing carpet 
waste by separating the polyamide from it in a way that 45 
is free from one or more of the disadvantages men- 
tioned above. 

The aim of the present invention is achieved by 
using an extraction agent that comprises an aliphatic 
alcohol, with the exception of an alcoholic solution of an so 
alkaline earth halide. The process according to the 
present invention gives the polyamide in a high yield. It 
has been found that the other substances normally 
present in carpets do not interfere with the recycling of 
the polyamide; this applies e.g. to polypropylene, rub- 55 
bers, jute, polyurethanes, polyvinyl chloride, acrylate 
and (meth)acrylate copolymers, polyethylene terephta- 
late. etc.. Polyamide is separated here from these other 
components of carpet waste in a highly selective man- 



ner. It has also been found that virtually no polyamide is 
decomposed when it is separated off from the carpet 
waste by the process according to the invention. Polya- 
mides can be isolated in the present process in rela- 
tively few steps. 

Polyamide carpets generally have the structure 
shown in Fig. 1. Polyamide-containing pile threads (1) 
are looped through a woven backing layer (2), which 
may be made e.g. of a fabric of polypropylene fibres. 
The pile threads are adhered to the reverse side (4) of 
the backing with an adhesive (5), such as a styrene- 
butadiene-rubber latex. The adhesive gives a very firm 
bond between the backing and the pile threads. How- 
ever, the process according to the present invention sur- 
prisingly permits a good separation of the polyamide 
from the pile threads in the carpet waste even in the 
case of such a firm carpet structure. 

The polyamides that can be recycled by the proc- 
ess according to the present invention are polyamides 
that are used in carpets, such as polyamide-6 (PA-6) 
and polyamide-6,6 (PA-6,6) but also polyamide-4,6 (PA- 
4.6) and polyamkJe-12 (PA-12), as well as mixtures 
thereof. 

The alcohols that can be used as the extraction 
agents for the polyamide are those aliphatic alcohols 
which dissolve the polyamide to be recycled. Such alco- 
hols are chosen e.g. from the following list: methanol, 
ethanol, n-propanol. isopropanoi, n-butanol, isobutanol, 
tert-butanol. pentanoi, hexanol, 2-ethylbutanol. 4-meth- 
ylpentanol. 1-heptanol, 2-heptanol, 4-heptanol. 2,4- 
dimethylpentanol. 1-octanol, 2-octanol, 2-ethylhexanol. 
1-nonanol, 2-nonanol, n-decanol, n-undecanol, n- 
dodecand, n-tridecanol, n-tetradecanol, n-pentadeca- 
nol, n-hexadecanol, n-octadecanof, etc. 

Substituted monohydric and dihydric alcohols, such 
as 2-methoxy-1 -ethanol (methylene glycol), can also be 
used. C r C 12 alcohols are preferably used in the proc- 
ess of the invention. In particular, methanol or ethanol is 
used as extraction agent. These extraction agents are 
cheap and readily available. Methanol is particularly 
suitable, because it has a low boiling point, so that 
traces of it present in the polyamide end product can be 
easily eliminated by evaporation. Mixtures of aliphatic 
alcohols can also be used as extraction agents. Further- 
more, mixtures of water and one or more aliphatic alco- 
hols can also be employed as extraction agents in the 
process according to the present invention. It is advan- 
tageous to use a mixture of methanol and water with a 
methanol/water molar ratio higher than 1:1. This extrac- 
tion agent permits an efficient separation of the polya- 
mide and is inexpensive. 

The extraction is carried out at a temperature and 
pressure at which the polyamide readily dissolves in the 
extraction agent. The temperature used for the extrac- 
tion is preferably not too high, because that would raise 
the risk of degradation of the polyamide. If the extraction 
agent is methanol and the polyamide to be recycled is 
polyamide-6. the extraction is preferably carried out at 
110-150°C and in particular at 135-140°C. If methanol 
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is used to extract and recycle polyamide-6,6, however, a 
higher extraction temperature should be used, namely 
140-180°C. in particular 155-165°C. 

It has appeared that polyamide-6,6 is insoluble or 
virtually insoluble in methanol at 135°C, at which tem- 
perature polyamide-6 is readily soluble in this extraction 
agent. This makes it possible to separate polyamide-6 
from polyamide-6,6 in the process according to the 
present invention by conducting the extraction in two 
stages at increasing temperatures. The temperature 
used here for the extraction in the first stage is prefera- 
bly 110-150°C and in particular 135-140°C. while the 
temperature used for the extraction in the second stage 
is 140-1 80°C, in particular 155-165°C. It is also possible 
- and in fact particularly favourable from the point of 
view of process technology - to extract both polyamide- 
6 and polyamide-6,6 at 140-180°C with methanol, and 
then to remove the two polyamides from this joint extract 
separately by controlled cooling. Polyamide-6,6 will pre- 
cipitate out first and can be separated off. followed by 
the polyamide-6 fraction, precipitating out at a lower 
temperature. 

It has also been found possible to separate effec- 
tively the dyes that are present in coloured carpet waste 
from the polyamide by the process according to the 
present invention. Many dyes dissolve in the extraction 
agent during the extraction stage and remain in solution 
when the extract is cooled to a temperature at which the 
polyamide is no longer soluble in the extraction agent, 
such as for example 25°C. The polyamide can subse- 
quently be removed from the solution. These dyes can 
then be separated from the extraction agent in a known 
way, e.g. by partially or completely evaporating the latter 
or by adding to it a liquid that does not dissolve the dye. 
The dye can also be separated by extracting it with a 
solvent that is a better solvent for it than the extraction 
agent and which is immiscible or only slightly miscible 
with the extraction agent. The dye can also be sepa- 
rated from the extraction agent with the aid of an 
absorbent such as active carbon. 

The pressure employed for the extraction is not very 
critical. The extraction is preferably carried out at an ele- 
vated pressure. The minimum pressure used depends 
on the vapour pressure of the extraction agent at the 
temperature of the extraction. If methanol is used as the 
extraction agent the preferred pressure during the 
extraction is 0.2-2 MPa (gauge) and especially 0.5-1.5 
MPa. (t is particularly advantageous to choose the pres- 
sure in such a way that it is the same as the vapour 
pressure of the extraction agent at the temperature of 
the extraction. The pressure need not be controlled sep- 
arately in such a case. 

The carpet waste, which is often delivered in the 
form of rolls or bales of carpet, is preferably comminuted 
before the extraction. The carpet waste is comminuted 
by a known method, e.g. by cutting or grinding. The 
resulting carpet fragments are easily fed into a vessel in 
which the extraction takes place and in which they are 
thoroughly mixed with the extraction agent These frag- 



ments preferably measure 0.5-20 cm 2 and especially 2- 
8 cm 2 . A suitable size of the fragments makes for a 
good extraction and ensures that the pieces are not so 
small after extraction as to hamper their separation from 
5 the extract. 

The vessel used for the extraction can have any 
desirable form, such as a column, tank or tube, and is 
preferably an autoclave. The carpet fragments are 
mixed with the extraction agent e.g. with the aid of a stir- 

w rer placed in the extraction vessel. 

The ratio between the amount of alcohol and that of 
the carpet waste is preferably chosen according to the 
amount of polyamide in the carpet waste, but other fac- 
tors, such as the size of the fragments of carpet waste, 

15 can also play a role here. The amount of extraction 
agent must be such that the viscosity of the solution is 
not too high during the extraction when all the polya- 
mide has been dissolved.. However, the amount of 
extraction agent is preferably kept as small as possible 

20 in order to minimize the amount of extraction agent to be 
recovered. The expert will find it easy to determine 
experimentally the right ratio between the extraction 
agent and the carpet waste for any kind of carpet waste 
and different extraction agents on the basis of the crite- 

25 ria given above. In the case of polyamide-6 carpet 
waste containing about 30 wt-% of polyamide-6 and 
methanol being used as alcohol, a suitable ratio by 
weight between the alcohol and the carpet waste is from 
5 to 50, in particular from 5 to 20. 

30 The time needed tor extraction can also be easily 
determined experimentally by the expert. It will be cho- 
sen according to the type and amount of polyamide that 
is present in the carpet waste in question, the concen- 
tration in the extraction agent, the extraction agent, the 

35 temperature of extraction, and the degree of mixing 
effected in the extraction vessel. An extraction time of 
60 min has been found to be right for methanol and 
polyamide-6, with the extraction being carried out in an 
autoclave at a temperature of 135-140°C. 

40 After the extraction, the extract is freed from the sol- 
ids in the extraction vessel. This can be achieved with 
any suitable solid/liquid separating device, such as a 
settling tank (sedimentation), a hydrocyclone, a centri- 
fuge or a filter. This separation is conducted above the 

45 temperature at which the polyamide precipitates out of 
the extract. It is preferably done above 90°C and espe- 
cially above 1 10°C. The substances that do not dissolve 
in the extraction agent at the temperature of the extrac- 
tion will accumulate in the solids fraction, ft has been 

so found that these substances can include numerous sub- 
stances that polyamide-contaJning carpet waste can 
contain, such as jute, polypropylene, fillers (e.g. calcium 
carbonate), rubber (e.g. styrene-butadiene rubber), 
pdyurethane, polyvinyl chloride, acrylate or methacr- 

55 ylate copolymers (e.g. copolymers of acrylonrtrile and 
acrylate or methacrylate esters), wool and polyesters 
(e.g. polyethylene terephthalate). 

The extract which is an alcoholic solution of polya- 
mide, can be directly processed further as such. It is 
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also possible to remove the polyamide from the extrac- 
tion agent, e.g. by first precipitating it out and then sep- 
arating the precipitated polyamide by a conventional 
method such as filtration. The polyamide can be precip- 
itated either by adding a liquid that does not dissolve it, 
or by cooling the polyamide solution. The preferred way 
of separating the polyamide from the extraction agent is 
to cool the extract, so that the extraction agent can then 
be directly returned into the process. The shape of the 
precipitated polyamide particles obtained here can be 
controlled by varying the rate of cooling of the extract. 
Although the methods of separation discussed above 
are preferred here, any other known method can be 
similarly used to separate the extraction agent from the 
polyamide, such as the evaporation of the extraction 
agent, leaving the polyamide behind. The polyamide 
can be separated here either as a solid or as a melt, and 
the melt is then preferably processed further in an 
extruder and is pelletized. 

The extraction agent is preferably recovered and 
returned into the process after the polyamide has been 
separated from it If the extraction agent is separated 
from the polyamide by evaporation, it can be easily 
recovered by condensation, after which it is returned 
into the process. If the separation has been effected by 
cooling, the extraction agent can be returned to the 
extraction stage after warming if desired. If a liquid that 
does not dissolve polyamkJes has been added, this liq- 
uid should be separated from the extraction agent e.g. 
by distillation, after which both the extraction agent and 
the non-solvent can be returned into the process. 

The recycled polyamkJes obtained in the process 
according to the present invention are free or very 
nearly free of any degradation. The relative viscosity 
(RV) of the polyamide recycled according to the present 
invention is generally at least 85% of the relative viscos- 
ity of the polyamide present in the carpet waste. This 
percentage, called RV retention here, is preferably at 
least 90%. The relative viscosity is determined in a solu- 
tion in 96% sulphuric acid, using a polyamide concen- 
tration of 1 g/dl, and is a measure of the weight-average 
molecular weight of the polyamide. 

The recycled polyamide can be further processed 
into polyamide products in the same way as directly 
polymerized 'new' polyamide, for example for producing 
engineering plastics or raw materials for fibres. The 
recycled polyamide can also be mixed with new polya- 
mide. 

The following examples serve to explain the proc- 
ess of the invention in more detail. 

Example I 

75 g of waste carpet made of polyamide-6 (nylon 6) 
and comminuted to fragments measuring 4-6 cm? were 
placed in a 2-litre autoclave made of chromium-nickel 
steel and were stirred with 11 25 ml of methanol at a 
temperature of 133°C and at a self-generated pressure 
of about 0.9 MPa. The material was a normal polya- 



mide-6 carpet consisting of polyamide-6 pile and a 
backing layer comprising polypropylene fibres, styrene- 
butadiene rubber (S8R) and calcium carbonate. The 
material contained 31.1 wt-% of polyamide-6. After 1 h, 

5 the contents of the autoclave were passed through a fil- 
ter that had been heated to 1 35°C. The solid retained on 
the fitter was easy to collect and process. It is interesting 
to note that the polypropylene ffores derived from the 
carpet were visibly intact and separate from the pulver- 

10 ized styrene-butadiene rubber and the calcium carbon- 
ate powder. The extract was concentrated and 
evaporated to dryness under vacuum in a Rotavapor 
apparatus. The filter cake and the solid left behind in the 
autoclave were also dried under vacuum. The residue 

is left behind after evaporating the methanolic extract 
weighed 23.0 g, and 99.8 wt-% of it was polyamide-6. 
The dried filter cake, weighing 51.0 g, only contained 
0.2 wt-% of pdyamide-6. 

The relative viscosity (RV) of the recycled poiya- 
20 mide was 2.40 di/g, against a value of 2.61 dl/g for the 
polyamide originally present in the carpet waste. The 
relative viscosity was determined in a solution in 96% 
sulphuric acid, using a polyamide concentration of 1 
g/dl. The retention of relative viscosity (RV retention) 
25 was therefore 92.0%. 

Example II 

The process described in Example I was repeated 
30 with 75 g of comminuted waste carpet made of polya- 
mide-6,6 (nylon 6,6), containing 35% of polyamide-6.6. 
The material left behind on the filter was a more or less 
entangled mass. The dry weight of this solid fraction 
was found to be 71 . 1 g. The residue left behind after the 
35 evaporation of the extract amounted to 3.0 g and mainly 
consisted of polyamide-6, 6. This example illustrates 
that polyamide-6,6 can be extracted only in a low yield 
(1 1%) when the material is dissolved at 133°C. 

40 Example 111 

Four samples of nylon 6 carpet fibres, each of a dif- 
ferent colour, were obtained by unpicking the fibres from 
four nylon 6 carpets of different colours. 0.5 g of each 

45 sample was placed in a 60-ml Carius tube and mixed 
with 20 ml of methanol. The Carius tubes were then' 
sealed and placed in an oven, where they were heated 
at 1 37°C for 1 .5 h, with swirling at regular intervals. 
After cooling the tubes, the nylon 6 that had dis- 

50 solved separated out as a white powder. The dye from 
the carpet fibres dissolved in the methanol during the 
extraction and remained fully dissolved in it even after 
the solution had been cooled to 25°C. 

55 Example IV 

The process described in Example III was repeated 
with four samples of nylon 6.6 carpets having different 
colours, and the Carius tubes were heated to 160°C for 
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1.5 h. The nylon 6.6 f tores dissolved in the methanol at 
160°C almost completely, and the dissolved nylon 6,6 
separated out as a white powder after cooling to 25°C. 

Examples l-IV show that not only polyamide-6 can 
be extracted from carpet waste by the process accord- 
ing to the present invention but - at the higher extraction 
temperature of 160°C - also polyamide-6,6. Further- 
more, polyamide can be efficiently separated from poly- 
propylene, calcium carbonate, styrene-butadiene 
rubber, and acrylonitrile and methacrylate ester copoly- 
mers. Furthermore, dyes can be separated from polya- 
mide. Polyamide-6 and polyamide-6,6 can be separated 
selectively by the use of different extraction tempera- 
tures. 

Claims 

1. Process for recycling polyamide-containing carpet 
waste by extracting the polyamide from the carpet 
waste with an extraction agent and then recovering 
the polyamide from the extract, characterized in 
that the extraction agent used comprises an 
aliphatic alcohol, with the exception of an extraction 
agent which is an alcoholic solution of an alkaline 
earth halide. 

2. Process according to claim 1 , characterized in that 
the aliphatic alcohol is a CrC 12 alcohol. 

3. Process according to claim 2, characterized in that 
the aliphatic alcohol is methanol, ethanol or propa- 
nol. 

4. Process according to claim 3, characterized in that 
the alcohol is methanol. 

5. Process according to any one of claims 1-4, char- 
acterized in that the extraction agent used is a mix- 
ture of aliphatic alcohol and water. 

6. Process according to claim 5, characterized in that 
the alcohol/water molar ratio is greater than 1:1. 

7. Process according to any one of claims 1-4, char- 
acterized in that carpet waste is extracted at a tem- 
perature of 100-1 50°C, and an extract of 
polyamide-6 is separated off. 

8. Process according to any one of claims 1-4, char- 
acterized in that carpet waste is extracted at a tem- 
perature of 140-180°C, and an extract of 



8 

10. Process according to claim 7, characterized in that 
the extraction temperature is 1 10-150°C in the first 
stage and 140-1 80° C in the second stage. 

5 11. Process according to claim 8, characterized in that 
the extraction temperature is 135-140°C in the first 
stage and 155-165°C in the second stage. 

12. Process according to claim 6. characterized in that 
10 polyamide-6 and polyamide-6,6 are separated from 

each other by the controlled cooling of the extract, 
so that first a polyamide-6,6 fraction precipitates . 
out, which is separated off, and then a polyamide-6 
fraction precipitates out at a lower temperature and 
is is then separated off. 

13. Process for recycling polyamide-containing carpet 
waste, essentially as specified in the description 
and/or the examples. 

20 
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polyamide-6,6 is separated off. 

* 

9. Process according to any one of claims 1-4, char- 
acterized in that polyamide-6 and polyamide-6,6 55 
are separated from each other by conducting the 
extraction in two stages, with an increase in the 
temperature of extraction. 
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